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@ Method and apparatus for angioplasty. 

© The region surrounding the balloon utilized in per- 
cutaneous transluminal coronary angioplasty is heated by 
means (66) within the balloon or within the skin of the balloon 
upon inflation of the balloon such thatdisrupted tissues of the 
plaque in the arterial wall are heated in orderto fuse together 
fragmented segments of tissue and to coagulate blood 
trapped within dissected planes of tissue and within fissures 
created by wall fracture such that upon subsequent balloon 
deflation a smooth cylindrical iy-shaped channel results, 
thereby to prevent collapse of any flap of material which 
could cause either abrupt arterial closure and an acute myo- 
cardial infarction or gradual restenosis at the site of balloon 
inflation. 
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FIELD OF INVENTION 

This invention relates to angioplasty 
and, more particularly f a method and apparatus for 
preventing abrupt reclosure and restenosis after treat- 
ment. 

BACKGROUND OF THE INVENTION 

The mortality and morbidity from ische- 
mic heart disease results primarily from atheromatous nar- 
rowings of the coronary arteries. Although various medical 
and surgical therapies may improve the quality of life- 
style of most patients with symptomatic coronary athero- 
sclerosis, these therapies do not favorably change the 
underlying anatomy responsible for the coronary luminal 
narrowings and therefore do not prevent the occurrence 
of future cardiac events such as occurrence of worsening 
of signs and symptoms of myocardial ischemia, myocardial 
infarction and sudden death. 

Percutaneous transluminal coronary 
angioplasty (PTCA) has recently been developed as an 
alternative method of treatment of coronary atherosclero- 
sis. During cardiac catheterization an inflatable balloon 
is inserted in a coronary artery at the region of a 
caronary narrowing. Inflation of the balloon for 15-60 
seconds results in expansion of the narrowed lumen or 
passageway. Because residual narrowing is usually present 
after the first balloon inflation, multiple inflations 
are routinely performed in an attempt to reduce the severi- 
ty of the residual stenosis or tube narrowing. Despite 
these multiple inflations, a mild to moderately severe 
residual stenosis usually is present after successful 
PTCA. 

One of the major problems with such 
treatment is that a flap of material occasionally is 
formed during the treatment which, after withdrawal of the 
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instrumentation, falls back into the artery causing 
abrupt reclosure . This necessitates emergency coronary 
artery bypass surgery and thus PTCA is potentially 
dangerous and often provides only a temporary treatment of 
5 symptoms of obstructive coronary arterial atherosclerosis* 
The reason that the flap is formed is that upon balloon 
inflation the surrounding material is broken or fragmented 
which causes blood to enter the arterial wall between 
planes of dissection. This causes the arterial wall to 

10 swell acutely and either reduces the size of the channel 
or completely obliterates the channel resulting in a five 
percent incidence of abrupt reclosure. 

Moreover with present PTCA procedures, 
postmortem pathologic studies show that disruption 

15 of the arterial wall and atheromatous plaque occurs 

following balloon inflation, including fracture of the 
plague and separation of tissue layers, e.g., dissection, 
Angiographically a shaggy or hazy appearance of the 
coronary lumen is often seen and evidence for overt 

20 dissection is often apparent following successful PTCA. 
Disruption of the arterial wall temporarily increases 
the size of the coronary channel but predisposes to 
deposition of platelets and microthrombi which very likely 
contribute to the greater than 25% incidence of restenosis 

25 within three to six months following successful PTCA . 

By way of further background, recent 
studies have been reported using lasers to perform 
vascular anastomoses so that end-to-end and end-to-side 
arterial and vein grafting can be achieved without sutures. 

30 The basic principle simply involves placing the free 

edges of a vessel and the graft in close proximity and 
heating these tissues with either an argon-ion, neo- 
dymium : YAG, or CO^ laser. Cross-linking of collagen 
and other tissue proteins occurs and a coagulation is 

35 observed pathologically following the treatment. The 

tissue integrity is maintained, however, and the tensile 
strength of the "sutureless" anastomosis rivals that of 
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anastomoses performed with sutures used in a convention- 
al manner. Moreover, short and long term tissue healing 
appears to be better with the laser thermal fusion of 
tissues than with the suture technique. 

SUMMARY OF THE INVENTION 
The subject technique reduces the 
disruption of the arterial wall and therefore the compli- 
cations associated with PTCA. During balloon inflation 
the disrupted tissues of the plaque and the arterial 
wall are heated in order to fuse together fragmented 
segments of tissue and to coagulate blood trapped within 
dissected planes of tissue and within fissures created 
by wall fracture. Upon subsequent balloon deflation, a 
smooth, cylindrically-shaped channel results. The thermal 
energy is applied either during the first balloon in- 
flation or during a balloon inflation subsequent to 
PTCA performed in a routine manner. 

It has been found that by using the 
subject technique thermal fusion of fragmented segments 
of the arterial wall following PTCA is possible. Moreover, 
it has been found that a better "set" of the vessel wall 
occurs- Elastic recoil of portions of the arterial wall, 
which often occurs following conventional PTCA is reduced 
with the subject thermal treatment. The smooth luminal 
surface results in normal patterns of blood flow such 
that local turbulence and regions of flow separation and 
stagnation, which favor platelet deposition, thrombus 
formation, and plaque growth, are reduced. Abrupt 
reclosure following the thermal treatment during PTCA 
does not occur since upon balloon deflation blood is 
unable to enter dissected planes within the arterial wall. 
The incidence of restenosis is reduced because of more 
favorable flow patterns produced by the smooth lumen and 
because the fused necrotic elements of the arterial wall 
are incapable of proliferation in response to the initial 
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injury sustained during balloon inflation. Moreover, 
while it has been suggested that the smooth muscle cell , 
the principal cell type within the plaque and normal 
arterial wall, proliferates in response to any form of 
5 injury and contributes to plaque progression, thermal 
destruction of the smooth muscle cell provided by the 
subject technique prevents this response. 

Thus one aspect of the present inven- 
tion is the application of thermal energy to the arterial 
10 wall during PTCA. This energy is applied principally to 

either the atheromatous plaque, the normal arterial wall, 
blood within the arterial wall or to all three tissues 
simultaneously. 

The present invention relates to a method 

15 of balloon angioplasty which is based on the following 
novel combination of observations : First, thermal 
energy can be used to fuse together disrupted tissue 
elements of the arterial wall following conventional 
balloon angioplasty ; secondly, that blood is an effective 

20 absorber of many wavelengths of light, including the 

1.06 micron radiation of the neodymium : YAG laser and 
that the presence of blood within arterial wall fissures 
created by a conventional balloon angiopasty will facili- 
tate laser fusion of disrupted plaque and other arterial 

25 wall elements ; thirdly, that application of tissue 

pressure during application of thermal energy facilitates 
fusion of disrupted tissue elements and, therefore, that 
balloon inflation during application of thermal energy 
is useful and necessary for compression of the disrupted 

30 tissue layers ; fourthly, that balloon inflation during 
application of thermal energy will prevent constriction 
of the lumen cross section from tissue shrinkage ; 
fifthly, that application of thermal energy to the ar- 
terial wall during balloon inflation is acutely and 

35 chronically well tolerated by arterial wall tissue ; and, 
sixthly, that thermal energy can be applied to the 



5 



0182689 



arterial wall during balloon inflation without damaging 
the balloon or causing the formation of intraluminal 
clots . 

Although the most important application 
of this novel technique is to improve PTCA of coronary 
arteries, this technique can also be applied to athero- 
sclerotic arteries located elsewhere, such as the renal, 
iliac, femoral and popliteal arteries. 

In addition, this technique may be 
applied to carotid arteries, unlike conventional angio- 
plasty, because thermal fusion of the disrupted arterial 
tissues prevents embolization of tissue fragments to 
the brain. 

In a preferred embodiment, the balloon 
is filled with transparent liquid and the balloon itself 
is transparent. An optical fiber is utilized within the 
catheter which has a light disseminating termination 
within the balloon structure. Laser light is injected into 
one end of the fiber and is disseminated by the 
disseminating means at the end of the fiber within the 
balloon such that the light travels virtually unaffected 
through the liquid in the balloon and through the balloon 
itself to the surrounding tissue which contains a certain 
amount of blood, when utilizing a neodymium : YAG laser 
at 1.06 microns, it has been found that this radiation 
while weakly absorbed by the surrounding tissue is 
strongly absorbed by the blood which causes the required 
fusion. 

In studies of fresh postmortem human 
atherosclerotic arteries, filled with heparinized blood, 
it was found that fusion of plaque fragments and plaque- 
media separations could be easily achieved with this 
technique without vaporizing any portion of the plaque 
or normal arterial wall. Histologic examination of forma- 
lin-fixed arterial specimens subjected to this treatment 
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showed a coagulum at the junction between layers or frag- 
ments of tissue , while no overt evidence of damage 
to the normal arterial wall was found. Moreover, no tissue 
adhesion to the balloon material occurred, and no damage 
occurred to the balloon itself, which could be made from 
one of a variety of high temperature plastic materials, 
such as a silicone polymer (Silastic) , Reynolds oven cook- 
ing bags and plastic sheets of autoclave packaging 
material . 

The thermal fusion of disrupted arterial 
tissues appeared to be facilitated not only by preferen- 
tial absorption of the neodymium : YAG radiation by blood 
between separated tissue layers , but also by the increase 
in tissue pressure produced first by balloon inflation 
and second by tissue shrinking from heating, the 
latter effect very likely representing initial protein 
cross linking. When arterial tissue is heated to tempera- 
tures greater than 70 degrees C, tissue shrinkage will 
ordinarily occur as a result of cross linking of proteins. 
However, in the present invention, the fixed volume of 
fluid within the balloon prevents the lumen cross section 
from decreasing in size during thermal fusion of tissues. 
Since the balloon is deflated after completion of thermal 
fusion, the lumen cross section following balloon defla- 
tion is not significantly smaller than the inflated 
balloon. 

The following list describes alter- 
native techniques which can be used to heat the tissues. 

The first technique is the heating of 
the liquid within the balloon of the angioplasty catheter. 
Any biocompatible liquid used within the balloon, typically 
a normal saline/radiographic contrast medium mixture, 
can be heated with one or more electrically heated wires. 
Alternatively the liquid can be heated by laser energy 
delivered from one or more optical fibers. In the latter 
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embodiment a biocompatible component of the liquid ab- 
sorbs the specific laser wavelength used. For example, 
hemoglobin dissolved or suspended in the liquid strongly 
absorbs the energy of an argon-ion laser. As a result 
the liquid heats rapidly. Other examples of biocompati- 
ble pigments, which can be used in a similar manner, 
include Evan f s Blue, methylene blue and Congo red. If 
water is used as the absorber, no visible pigments are 
required. Many different lasers, such as the C0 2 laser 
operating at the 10.6 micron wavelength, can be used 
to heat water efficiently. 

In another embodiment, laser energy 
transmitted by an optical fiber is used to heat one or 
more metallic elements, such as wires, within or near 
the balloon. 

In another embodiment, the liquid is 
heated by a chemical exothermic reaction. Both the 
reactants and the products are biocompatible. Examples 
include the dissolution of magnesium sulfate powder or 
the interaction of silver chloride and sodium hydroxide 
solutions. The individual components required for 
the exothermic reaction are injected into the balloon 
cavity either simultaneously or sequentially. 

In another embodiment the balloon is 
heated directly. As an example, thermal conductive mat- 
erial within the membrane of the balloon is heated 
directly. In one embodiment, a fine wire meshwork within 
the substance of the balloon is heated electrically. 
Alternatively, a meshwork of optical fibers, each of which 
is "lossy", i.e., each fiber diffuses light along its 
length, is coupled to the output of a laser. One or more 
components of the material within the balloon absorb the 
wavelength of the specific laser used and results in 
heating the balloon material. In another embodiment, laser 
energy is used to heat a wire meshwork within the balloon 
material. In yet another embodiment, the laser energy 
is delivered to the cavity of the balloon, with the 
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balloon filled with a biocompatible gas such as C0 2 , 
the energy being absorbed only by the balloon material, 
or other absorber (s) provided within the interior of the 
balloon. 

5 In a still further embodiment, the 

tissues are heated directly. The plaque, the normal 
arterial wall, blood within the arterial wall, or any 
or all of these tissues are heated directly without first 
heating either the liquid within the balloon or the 

1° . balloon material . For example, the plaque and any 

injured portion of the arterial wall, when routine PTCA 
is performed prior to application of thermal energy during 
subsequent balloon inflation, may be stained with a dye, 
such as Evan's Blue or methylene blue. The energy of a 

15 Krypton or an argon- ion laser, among other lasers, 

is absorbed by the pigmented tissue and not by a trans- 
lucent liquid or gas-filled balloon • Hemoglobin within 
blood, which has entered the arterial wall or spaces 
created by fractures from PTCA performed in a routine 

20 manner, acts as a natural pigment and is selectively 
heated by the output of any of a variety of lasers , 
such as an argon- ion laser. 

An additional and optional element 
of the subject invention is the use of a sound transducer 

25 in conjunction with the laser irradiation to sense intra- 
arterial sound produced by the laser irradiation heating 
of the tissue. In one embodiment, a catheter sound trans- 
ducer similar to a high fidelity end-tipped manometer 
used to measure intravascular blood pressure is positioned 

30 within the outer catheter guide sheath near the balloon. 

In another embodiment, either the 
balloon material, fluid or other absorbing substance (s) 
within the interior of the balloon, the arterial wall 
tissue(s), including blood, plaque, media, adventitia, 

35 either alone or in any combination, or any combination 
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of these absorbing materials are heated by an external 
source, such as focussed microwave or ultrasonic radi- 
ation . 

In another embodiment, a sound trans- 
ducer is placed external to the body on the skin over- 
lying the region of the artery being treated. If the 
laser radiation or direct heat incident on the plaque 
through the balloon wall is intense enough to cause 
vaporization, it has been found that a high frequency 
acoustic signal is generated which will be picked up by 
the sound transducer. The laser power is then reduced, 
either by operator control or automatically if the trans- 
ducer is connected to an electronic monitoring circuit. 
A high pass filter, with or without temporal gating with 
the patient's electrocardiogram, would be used, whether 
the sound transducer is external to the body or mounted 
on a catheter, in order to enhance recognition of the 
high frequency sounds generated by tissue vaporization 
by suppressing low frequency background noise. Real- 
time spectral analysis of the acoustic signal could 
also be performed to enhance recognition of sound genera- 
ted by tissue vaporization. Similar technology has been 
used by others to externally record the sound of turbu- 
lence of blood within diseased coronary arteries in 
patients . 

In all of the foregoing embodiments, 
energy in the form of laser radiation or heat is 
delivered to the entire circumference of the arterial 
cross section homogeneously along, typically, a 5 to 10 mm 
length of arterial wall. However, in another embodiment, 
the laser energy or heat is applied only to discrete 
locations around the arterial cross section and/or along 
the length of the artery. One or more of these said loca- 
tions may be treated either in a random manner or on the 
basis of which portion of the artery would most likely 
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benefit from the treatment as ascertained from the angio- 
graphic appearance of the arterial lumen* When laser 
radiation is used as described in one embodiment, the 
diffusing tip is constructed such that radially directed 
5 emission of the radiation occurs only at discrete loca- 
tions along the diffusing tip. In one such embodiment, 
the surface of the diffusing tip, except for the discrete 
location, around the tip which permit emission of laser 
radiation, is coated with a highly reflective material 
1° such as gold. 

In another embodiment, the diffusing 
tip consists of the termination of multiple optical 
fibers at different locations within the balloon . Each 
fiber, by a variety of means, such as an angled optical 

15 cleave, a miniature side-directing lens, or a prism, would 
emit laser radiation towards a discrete location within 
the arterial wall. In one embodiment, the laser trans- 
mission through each fiber is controlled independently 
from laser transmission through the other fibers. 

20 The acute and chronic effects of heat in 

vivo on the normal dog carotid artery have been studied 
before and after treatment with the subject technique. 
The arteries subjected to the subject technique were 
normal and not plaque-filled as is the case in athero- 

25 sclerosis. The following tests show that if the balloon 
is inflated in a normal segment of the artery no detri- 
mental effects occur. These tests were conducted as 
follows : A solution of normal saline containing Congo 
red was used to fill a medical grade silicone polymer- 

30 based balloon catheter and , after introduction of the 
balloon, the diameter of which ranged from 3 to 5 mm, 
after inflation to a pressure of 3-4 atmospheres, into 
the lumen of a carotid artery of each anaesthetized dog, 
the solution was heated with an argon-ion laser via an 

35 optical fiber which terminated within the balloon. Three 
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to five watts of laser energy was delivered over an 
approximately 5 to 10 mm length of balloon for one 
to three minutes. In each dog study, as a control, the 
contralateral carotid artery was subjected to the same 
balloon inflation but without application of heat. Sur- 
face temperature of the balloon was measured to be 
80-100°C during laser exposure, while surface temperature 
of the heated dog arteries was found to be 60-70°C 
within 30 seconds after the onset of laser delivery. Angio- 
graphic follow-up in six dogs at one hour, one day, one 
week, and one month after balloon inflation showed no 
significant difference in the appearance of the arterial 
lumen between heated and control arteries, with the 
exception of one dog which demonstrated a thrombus which 
had formed between one day and one week after treatment. 
No anticoagulants were given to any of the dogs after 
the heat exposure, and it is felt that the delayed 
thrombus formation in the one dog could have been prevented 
by daily administration of anticoagulants, such as as- 
pirin and heparin, after the heat treatment. Gross inspec- 
tion of the arteries of the other animals revealed no 
pathology such as thrombus, stricture or aneurysm. Micros- 
copic examination of the dog arteries demonstrated no 
difference in tissue morphology between the heated and 
control arterial segments. It should be noted that 
in these normal arteries, balloon inflation caused the 
arterial wall to stretch evenly, not producing the 
fissures which are typical of balloon expansion in the 
presence of more rigid arterial plaque. Without these 
fissures which fill with and trap blood and become 
rigidly welded together during heating, no damage is 
expected until the higher temperatures capable of produc- 
ing a general coagulation necrosis are reached. No clot 
formed on the balloon itself after heat exposure, and no 
evidence of acute thrombosis or embolism occurred in any 
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animal. Thus, not only is the present invention effective 
in fusing disrupted layers of atherosclerotic tissue 
following a conventional angioplasty procedure, but also 
it is operable and safe when practiced in a manner similar 
to a conventional angioplasty procedure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features of the subject 
invention will be better understood in connection with 
the detailed description taken in connection with the 
drawings of which : 

Figs. 1A-1D are diagrammatic illustra- 
tions of a prior art percutaneous transluminal coronary 
angioplasty procedure in which plaque formed within the 
coronary artery is fractured initially by the inflation 
of a balloon catheter and in which after deflation of 
the balloon and removal of the catheter abrupt reclosure 
can occur with the flaps of fragmented plaque occluding 
the coronary artery ; 

Fig. 2 is a cross-sectional and 
diagrammatic illustration of one embodiment of the subject 
invention in which the area immediately surrounding 
the inflated balloon is fused due to laser radiation 
which is transmitted through the fluid of the baloon 
and through the transparent balloon wall to blood within 
the wall of the coronary artery segment being treated , 
which heated blood causes the welding of adjacent, dis- 
rupted layers throughout the plaque, media and adventitia, 
resulting in a smooth channel once the balloon is deflated; 

Fig. 3 is a cross-sectional and 
diagrammatic illustration of the result of utilizing 
the procedure of Fig. 2 illustrating the channel formed 
by the fusion which takes place due to fusing produced 
by heat in the vicinity of the balloon wall; 
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Fig. 4 is a cross-sectional and 
diagrammatic illustration of an alternative embodiment 
of the subject invention in which liquid within the 
balloon is electrically heated , which heat is then uti- 
lized in the fusion process to produce the result 
illustrated in Fig. 3; 

Fig. 5 is a cross-sectional and 
diagrammatic illustration of a still further embodiment 
of the subject invention in which liquid within the 
balloon is heated by laser radiation emanating from an 
optical diffusing tip thereby to heat the liquid within 
the balloon for the production of fusion and the result 
of Fig. 3; 

Fig. 6 is a cross-sectional and 
diagrammatic illustration of a still further embodiment 
of the subject invention in which heat within the balloon 
is produced by an exothermic chemical reaction of chemi- 
cal components pumped into the balloon, with the result- 
ing heat radiating outwardly to produce the fusion result 
of Fig. 3; 

Fig. 7 is a cross-sectional and diagram- 
matic illustration of an alternative embodiment of the 
subject invention in which a wire core is provided adja- 
cent an optical diffusing tip with the laser radiation 
being tuned to a wavelength which heats the wires which 
then heats the liquid within the balloon which in turn 
heats the surrounding material to provide the fusion 
result of Fig. 3; 

Fig. 8 is a cross-sectional and 
diagrammatic illustration of another embodiment of the 
subject invention in which the balloon wall is provided 
with a network of electrical wires and in which the 
balloon is heated by virtue of the application of 
electrical energy to the wires which heats the area 
surrounding the balloon thereby to provide the fusion 
result of Fig. 3; 
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Fig. 9 is a cross-sectional and 
diagrammatic illustration of another embodiment of the 
subject invention in which the balloon is provided with 
a number of "lossy" optical fibers along or adjacent 
5 the outside wall of the balloon and in which laser 

radiation is transmitted through these "lossy" optical 
fibers, thereby to heat adjacent components either within 
the balloon or within the coronary artery to provide 
the fusion result of Fig. 3; and 

1° Fig. 10 is a cross-sectional and 

diagrammatic illustration of another embodiment of the 
subject invention in which a wire mesh is provided 
at or adjacent the walls of the balloon and in which 
an optical diffusing tip is provided with radiation of 

15 an energy which is absorbed by the wires thereby to heat 
the wires and thus the surrounding coronary wall tissue 
to provide the fusion result of Fig* 3* 

DETAILED DESCRIPTION 
As mentioned hereinbefore, during per- 

2° cutaneous transluminal coronary angioplasty or indeed any 
type of balloon angioplasty and referring now to Figs. 
1A-1D, in the prior art a guide wire 10 is inserted 
through the artery and through the region 12 which is 
occluded primarily by plaque 14 which is surrounded by 

25 media 16 and by adventitia 18. It is recognized that it 
is the plaque which forms the occlusion. In the con- 
ventional procedure, a catheter 20 is provided around 
guide wire 10 which includes a deflated balloon section 22 
which surrounds the wire. This balloon section is placed 

3° adjacent to plaque 14 and as illustrated in Fig. 1C is 

inflated as illustrated at 22 1 which opens up the artery 
while at the same time providing fissures or dissected 
planes of tissue 24. As illustrated in Fig. ID, with the 
catheter removed, the plaque 14 can collapse into the 

35 center of the artery as illustrated by flap portions 14' 
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which results in an abrupt reclosure of the artery 
that can result in an acute myocardial infarction. 

Less severe disruption of the 
arterial wall commonly results in gradual restenosis 
within 3 to 6 months after conventional balloon angio- 
plasty because of platelet adhesion to exposed arterial 
tissue surfaces and because of the presence of regions 
of blood flow separation and turbulences within the 
arterial lumen 36, all of which predispose to micro- 
thrombi deposition and cellular proliferation within 
the arterial wall. 

Referring to Fig. 2 in a preferred 
embodiment, the usual guide wire is replaced with an 
optical fiber 30 which has an optical diffusion area or 
tip 32 midway in the region of an inflated balloon 34 
such that, when the catheter is inserted around the 
optical fiber in lumen 3 6 and expanded by virtue of 
providing a transparent fluid through inflation port 38 
in termination apparatus generally indicated at 40 , the 
fluid passes through the catheter wall 42 by virtue of a 
channel 44 in the outer catheter sheath 4 6 such that 
balloon 34 is initially inflated. After inflation, laser 
radiation indicated by dotted arrow 4 6 is introduced into 
the optical fiber 30 and is transmitted to the optical 
diffusion tip 32 where the laser light is diffused and 
impinges upon blood 50 which usually exists within 
the arterial wall after fracture or dissection of the 
plaque has occurred following conventional balloon infla- 
tion, with the plaque 52 being held in place upon comple- 
tion of the fusion process in which disrupted arterial 
wall elements, media 54 and adventitia 56, are raised 
to the fusion temperature. The fluid utilized for infla - 
tion of the balloon may be contrast medium or crystalloids 
such as normal saline or 5% dextrose in water and is 
relatively transparent to the radiation which, in the 
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embodiment shown, is on the order of 1.06 microns which 
is highly absorbed by the blood. The blood within the 
arterial wall is therefore heated and this heat 
radiates to fuse the area immediately surrounding balloon 34 
such that as illustrated in Fig. 3 upon removal of the 
catheter a smooth channel 60 exists with relatively 
smooth walls 62 and with the surrounding tissue having 
been fused to prevent the aforementioned reclosure. 

The diffusing tip is centrally located 
within balloon 34 and the length of said tip is typically 
one half or less the length of the balloon. Thus, tissues 
at the proximal and distal ends of balloon 34 are not 
heated, and no thermal injury occurs to blood within 
lumen 3 6 . 

It will be appreciated that a diffusing 
tip or area along an otpical fiber may be provided 
simply by removing the cladding and abr aiding the fiber 
core surface such that the fiber surface is roughened. 

Alternatively the diffusing tip 32 
can be made of a material which effectively scatters 
the laser energy and the diffusing tip would then be 
coupled to the output end of the optical fiber. In 
another embodiment , the optical fiber lies within channel 
44 and terminates directly within the balloon. The 
diffusing tip 32 in this latter embodiment could be 
similar in design to diffusing tips of the aforementioned 
embodiments, but could also be comprised of the fluid 
used to inflate balloon 34 . Examples of biocompatible 
fluids which would be effective scattering media for 
laser radiation include dilute lipid emulsions and 
perf luoro-chemical emulsions. In other embodiments, 
the optical fiber would lie within the wall of either 
the outer catheter sheath 4 6 or the central channel 
sheath 104 . In yet another embodiment, the central channel 
sheath 104 is comprised of a hollow optical fiber with a 
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concentric core-cladding arrangement which would terminate 
in a diffusing tip. Laser energy would then be trans- 
mitted within the core of the optical fiber, and the 
hollow interior of the fiber would allow coaxial place- 
ment of a guide wire through the central channel sheath 
during the laser energy transmission period. 

It will be appreciated that the balloon 
is in the form of a doughnut in cross section which 
is in essence slipped over the guide wire or optical fiber 
and inflated when the balloon is in proper position. 

As mentioned hereinbefore, the subject 
procedure may be utilized in place of the conventional 
percutaneous transluminal coronary angioplasty or may 
be used subsequent thereto for the purposes of fusion 
in the area of the angioplasty. 

Referring to Fig. 4, instead of the 
utilization of fiber optic transmission of eneray to the 
balloon area, electrical conductors 64 may be utilized 
as a guide wire in which an electrical heating element 
6 6 is driven from a power source (not shown in this 
figure) to provide heat to fluid within the balloon which 
then heats the surrounding tissue to provide the afore- 
mentioned fusion. The liquid in this case may be crystal- 
loids or a liquid with a high boiling point such as Dow 
Corning 550 silicone diluent which transmits the heat 
from the heating element to the walls of the balloon and 
then to the tissue immediately surrounding these walls. 

Referring to Fig. 5, a similar result 
may be obtained by utilizing the optical fiber 30 and 
optical diffusing tip 32 in which, rather than having 
a transparent fluid within balloon 34, an absorbing 
fluid is utilized which absorbs laser energy, normally 
in the 0.3-10.6 micron range, with the liquid within 
balloon 34 being selected from the biocompatible group 
including water, hemoglobin and related pigments such as 
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bilirubin and porphyrins , Congo red, Evan's Blue and methy- 
lene blue, and other materials absorbing in this range. 
The result is similar in that heat is directed to the 
tissue immediately surrounding the surface of the balloon 
which causes the aforementioned fusion • 

Referring to Fig, 6 and a still further 
embodiment, heat may be generated within balloon 34 which 
has been inserted around a conventional guide wire 10 in 
which an exothermic reaction is permitted to occur once 
the balloon has been inflated to release energy into the 
surrounding tissue thereby, again, to provide for fusion 
of the tissue surrounding the inflated balloon* 

Referring now to Fig. 7, energy may 
be introduced to the balloon 34 by virtue of the utili- 
zation of optical fiber 30 with diffusing tip 32 which 
is surrounded by a wire core 68 which may be expandable, 
adapted to absorb the radiation from the diffusing tip. 
In this embodiment, the wire made of an absorbing 
material such as stainless steel, platinum, gold, silver 
or tungsten and the radiation utilized to heat the wire 
core is on the order of 0.3 to 10.6 microns in one embodi- 
ment. In this embodiment the wire core heat liquid or 
fluid 70 within the balloon which again transmits heat 
to the required area for the required fusion. 

In another embodiment, the optical fiber 
terminates in a sleeve or cap of an absorbing material 
which absorbs the laser energy and heats the liquid. 

Referring to Fig. 8, ballon 34 itself 
may be provided with a meshwork of electrical wires 72 
which are driven by an electrical source 74 which serves 
to heat the exterior of the balloon once it has been 
inserted around conventional guide wire 10 . In this embodi- 
ment, it is the surface of the balloon which is heated 
directly by the use of electrical energy to produce 
the aforementioned fusion. 
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In a still further alternative embo- 
diment and referring now to Fig. 9, the surface of 
balloon 34 may be provided with "lossy" optical fibers 76 
which are driven by laser radiation and which radiate 
energy in all directions outwardly to the tissue surround- 
ing balloon 34. in such a case, 1.06 micron radiation 
may be utilized which in turn heats the blood surrounding 
the inflated balloon thereby causing the aforementioned 
fusion result of Fig. 3. 

In a still further embodiment and 
referring now to Fig. lo, the exterior or interior of 
the balloon wall may be provided with a wire mesh 80 
which, as in the Fig. 7 embodiment, is heated through 
diffused radiation from diffusing tip 32 which is located 
along optical fiber 30. In this embodiment optical radia- 
tion is absorbed in the wire mesh which heats up and 
causes the aforementioned fusion. 

The amount of energy delivered to the 
wall of the balloon and the surrounding tissue varies 
from 50 to 1000 joules depending upon the size of the 
artery and the method of introducing energy into the 
region. Typically, in terms of 5 to 20 watts of neodymium: 
YAG laser power is necessary for 10 to 35 seconds for 
a balloon having a longitudinal extent of 2 cam, a dia- 
meter of 3 mm when the balloon is inflated, and a 
diffusing tip of one centimeter for irradiating an arterial 
segment one centimeter in length. When only discrete 
region (s) within the arterial wall adjacent to the 
inflated balloon are heated, significantly less energy is 
necessary to achieve tissue fusion. 

Moreover as mentioned above , a special 
dye may be utilized such that the blood and/or plaque 
tissue more strongly absorbs light of a given wavelength 
thereby increasing the chance of fusion while at the 
same time decreasing the overall time for the procedure. 
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Referring back now to Fig. 2, an 
acoustic sensor 100 may be placed adjacent to balloon 34 
for the purpose of sensing the sounds produced by the 
laser irradiation heating of the tissue. A catheter trans- 
ducer similar to the transducer incorporated in an end- 
tipped manometer catheter for measurement of intravascular 
pressure is positioned within the outer catheter near 
the balloon site. If the laser radiation incident on the 
plaque through the balloon wall is intense enough to 
cause vaporization f a high frequency acoustic signal is 
generated which is picked up by the sound transducer 
and relayed to a control unit 102 which is utilized either 
to indicate that vaporization has taken place and/or 
to automatically terminate the emission of laser radiation 
or other heating source power delivery. 

Having above indicated a preferred 
embodiment of the present invention, it will occur to 
those skilled in the art that modification and alternative 
can be practiced within the spirit of the invention - It 
is accordingly intended to define the scope of the inven- 
tion only as indicated in the following claims . 
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CLAIMS 

WHAT IS CLAIMED IS : 

1 * A method for preventing abrupt reclo- 

sure and restenosis in percutaneous transluminal coronary 
angioplasty comprising the steps of : 

providing a balloon in the coronary 
artery at the region of coronary narrowing ; 

inflating the balloon with fluid; and 
providing heat at the region surrounding 
the inflated balloon sufficient to fuse together segments 
of tissue in said region and to coagulate blood trapped 
within dissection planes of tissues and within fissures 
created by wall fracture in said region; and 

deflation and removal of said balloon 
thereby to provide a smooth cylindrically-shaped channel 
which prevents collapse of material into the coronary arte- 
ry. 

The method of claim 1, wherein said 
heat is provided by monochromatic radiation injected 
into the interior of said balloon. 

3 ' The method of claim 2, wherein said 

monochromatic radiation heats material within the balloon, 
with the heat thus generated being transferred to the 
region surrounding the balloon. 

4 * The method of claim 2, wherein said 

balloon and fluid utilized to inflate said balloon is 
transparent to radiation of a predetermined wavelength 
and wherein said heat is provided at said region by 
radiation which passes through the balloon wall and is 
absorbed by blood and other arterial tissue in the 
region surrounding the balloon. 

5 * The method of claim 1, wherein the sur- 

face of said balloon is provided with wires, said wires 
being heated by passage of electric current therethrough. 
6 ' The method of claim 1, wherein resistan- 

ce heating means are provided in the balloon and wherein 
said region is heated by the passage of electrical 
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current through the resistance heating means with the 
balloon. 

1% The method of claim 1, wherein the heat 

delivered to the region adjacent the balloon is provided 
by transmitting energy to a region within the balloon 
via fiber optics having a light disseminating termina- 
tion, with said fiber optics including means within the 
balloon for causing energy transmitted down the fiber 
optics to be emitted radially and homogeneously along 
the long axis of the light disseminating termination 
of the optical fiber within the inflated balloon. 
8> The method of claim 1, wherein said 

steps are utilized after conventional percutaneous 
transluminal coronary angioplasty. 

9 _ The method of claim 1, wherein said 

steps are utilized in lieu of conventional percutaneous 
transluminal coronary angioplasty. 

10 _ The method of claim 1, wherein the 

liquid within the balloon is heated by a chemical exo- 

3 thermic reaction. 

lle The method of claim 10, wherein said 

chemical exothermic reaction includes the dissolution of 
magnesium sulfate powder. 

12> The method of claim 10, wherein said 

5 chemical exothermic reaction includes the interaction 
of silver chloride and sodium hydroxide solutions. 
13> The method of claim 1, wherein said 

balloon is filled with a biocompatible gas, with the 
energy inserted into the balloon being absorbed only by 
30 th e balloon material, or other absorbing surface provided 
within the body of the balloon. 

14> The method of claim 1, wherein the 

plaque, the normal arterial wall, blood within the 
arterial wall or any or all of these tissues are heated 
35 directly without first heating either the fluid within 
the balloon or the "balloon material. 
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The method °f claim 1, and further 
including sensing the intra-arterial sound produced 
by vaporization of tissue or liquid boiling, thereby 
to permit limiting power delivery to a level which is 
sufficient to achieve tissue fusion, but below the vapo- 
nzation/boiling threshold. 

16 " A method °f preventing abrupt reclo- 

sure and restenosis comprising the step of providing 
a smooth enlarged lumen composed of fused tissue elements 
of the arterial wall ± n the region of ft coronary narrow _ 

Ug ' wherefa y the incidence of restenosis is reduced 
because of more favorable flow patterns produced by the 
smooth lumen and because the fused tissue elements of the 
arterial wall are incapable of proliferation. 

17 * The method of claim 16, wherein the 
region of coronary narrowing is opened due to the uti- 
lization of an inflated balloon inserted through the 
artery and positioned at the narrowed portion thereof. 

18 * The method of claim 17, wherein said 
smooth lumen is formed via heat transmitted from the 
balloon surface to the immediately adjacent region. 

19 " The method of claim 17, wherein the 

smooth lumen is formed via energy transmitted into the 
region immediately adjacent the surface of the balloon. 
20 ' The method of claim 16, wherein a 

balloon is utilized at the coronary narrowing and wherein 
the balloon is filled with transparent fluid and wherein 
the balloon is transparent to radiation of a predetermined 
wavelength, said fused material being provided through 
the utilization of an optical fiber with a portion po- 
sitioned at the balloon, the fiber having a light dissemi- 
nating termination at the interior of the balloon struc- 
ture, the method f urther including the injection of laser 
light into one end of the fiber which laser light i s 
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transmitted through the liquid and balloon to the 
surrounding tissue which contains blood. 

21. The method of claim 20 , wherein said 
predetermined wavelength is 1.06 microns. 

22. The method of claim 20, wherein said 
predetermined wavelength includes the several wave- 
lengths produced by an argon-ion laser. 

23. The method of claim 20, wherein the 
balloon is filled with a fluid which absorbs a specific 
laser wavelength. 

24. The method of claim 20, wherein bio- 
compatible pigments including Evan's Blue, methylene 
blue and Congo red are utilized in the balloon inflation. 

25. The method of claim 20, wherein the 
fluid utilized in the balloon is water. 

26. The method of claim 25, wherein 10.6 
micron radiation is injected into the water. 

27. Apparatus for preventing acute abrupt 
reclosure and restenosis in percutaneous transluminal 
coronary angioplasty comprising : 

a balloon in the coronary artery at the 
region of coronary narrowing ; 

means for inflating the balloon with 

fluid ; 

means for providing heat at the region 
sourrounding the inflated balloon sufficient to fuse 
together segments of tissue in said region and to coagu- 
late blood trapped within dissection planes of tissue 
and within fissures created by wall fracture in said 
region; and 

means for deflation and removal of 
said balloon, thereby to provide a smooth cylindrical ly - 
shaped channel which prevents collapse of material into 
the coronary artery. 
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The apparatus of claim 27, and further 
including means for injecting monochromatic radiation 
into the interior of said balloon. 

29 * The apparatus of claim 28 and further 

including material within said balloon heated by said 
monochromatic radiation, with the heat thus generated 
bexng transferred to the region surrounding the balloon. 
3 °* The apparatus of claim 28, wherein 

said balloon and fluid utilized to inflate said balloon 
are transparent to radiation of a predetermined wave- 
length and wherein said heat is provided at said region 
vxa radiation which passes through the balloon wall and 
xb absorbed by blood in the region surrounding the balloon. 
31 ' The apparatus of claim 27, wherein 

the surface of said balloon is provided with wires, and 
means for passing electric current through said wires 
to heat said wires. 

32 " The apparatus of claim 27, and further 

including resistance heating means in the balloon and 
means for providing electrical current through the 
resistance heating means within the balloon. 
33 ' The apparatus of claim 27, and further 

including fiber optic cables having a portion positioned 
within the balloon, with said fiber optic cable includ _ 
ing means within the balloon for causing energy trans- 
mitted down the fiber optic cable to radiate radially 
within the inflated balloon. 

34 * The apparatus of claim 27, wherein 

the liquid within the balloon is heated by a chemical 
exothermic reaction. 

35 * The apparatus of claim 34, wherein 

said chemical exothermic reaction includes the dissolu- 
tion of magnesium sulfate powder. 

36 ' The a PParatus of claim 34, wherein said 

chemical exothermic reaction includes the interaction of 
sxlver chloride and sodium hydroxide solutions . 
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37. The apparatus of claim 27, wherein 
said balloon is filled with a biocompatible gas with 
the energy delivered to the balloon being absorbed only 
by the balloon material, or other absorbing surface 
provided within the body of the balloon. 

38. The apparatus of claim 27, wherein the 
plaque, the normal arterial wall, blood within the 
arterial wall or all of these tissues are heated directly 
without first heating either the fluid within the balloon 
or the balloon material. 

39 m The apparatus of claim 27, and 

further including means for sensing the intra-arterial 
sound produced by vaporization of tissue or liquid boil- 
ing, thereby to permit limiting power delivery to a level 
which is sufficient to achieve tissue fusion, but below 
the vaporization/boiling threshold. 

40 t Apparatus for preventing acute abrupt 

reclosure and restenosis comprising means for providing 
a smooth enlarged lumen composed of fused elements of the 
arterial wall in the region of a coronary narrowing, 
whereby the incidence of restenosis is reduced because 
of more favorable flow patterns produced by the smooth 
lumen and because the fused elements of the arterial 
wall are incapable of proliferation. 

41 _ T he apparatus of claim 40, wherein 

said smooth lumen is formed via heat transmitted from 
the balloon surface to the immediately adjacent region. 
42. The apparatus of claim 40, wherein 

the enlarged smooth lumen is formed via energy transmitted 
into the region immediately adjacent the surface of the 
balloon. 

43 # The apparatus of claim 40, including 

a balloon utilized at the coronary narrowing, the balloon 
being filled with transparent fluid, the balloon being 
transparent to radiation of a predetermined wavelength ? 
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an optical fiber having a portion 
positioned at the balloon, said fiber including a 
light disseminating termination at the interior of the 
balloon structure ; and 

means for injecting laser light into 
one end of said fiber. 

44 ' The apparatus of claim 43, wherein 

said predetermined wavelength is 1.06 microns. 
45 * The apparatus of claim 43, wherein 

the balloon is filled with a fluid which absorbs a 
specific laser wavelength. 

46 " The apparatus of claim 43, wherein 

biocompatible pigments including Evans Blue, methylene 
blue and Congo red are utilized in the balloon inflation. 
47 • The apparatus of claim 43, wherein 

the fluid utilized in the balloon is water. 
48 ' The apparatus of claim 47, wherein 

10.6 micron laser light is injected into the water. 
49 * The apparatus of claim 43, wherein 

said predetermined wavelength includes the several 
wavelengths of an argon- ion laser. 

50 ' A Process for remodelling a tissue 

material comprising the steps of : 

altering a tissue material configura- 
tion to provide a reconfigured tissue material shape; and 

thermally fusing the reconfigured 
tissue material to cause retention of the reconfigured 
tissue material shape. 

51 ' The Process of claim 50, wherein 

said altering step includes the step of expanding a 
plaque restricted vessel. 

52 ' The Process of claim 51, wherein said 

altering step further includes the step of pressing the 
plaque into surrounding vessel tissue. 
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53. The process of claim 52 , wherein 
the fusing step includes the step of fusing the plaque 
in the surrounding vessel tissue. 

54. The process of claim 50, wherein said 
altering step includes the step of pressing a tissue 
anonomally into a surrounding tissue area to define 
said reconfigured tissue shape. 

55. The process of claim 50 , wherein said 
tissue material is collagen containing tissue material. 

56. A system for remodelling a tissue 
material comprising the steps of : 

means for altering a tissue material 
configuration to provide a reconfigured tissue material 
shape ; and 

means for thermally fusing the recon- 
figured tissue material to cause retention of the re- 
configured tissue material shape. 

57. The system of claim 56, wherein said 
means for altering includes means for expanding a plaque 
restricted vessel . 

58. The system of claim 57 , wherein 
said means for altering further includes means for 
pressing the plaque into surrounding vessel tissue. 

59. The system of claim 58, wherein the 
means for fusing includes means for fusing the plaque 
in the surrounding vessel tissue. 

GO. The system of claim 58, wherein said 

means for altering includes means for pressing a tissue 
anonomally into a surrounding tissue area to define said 
reconfigured tissue shape. 

61. The system of claim 58, wherein said 

tissue material is collagen containing tissue material. 
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